Three employees from two different detergent companies were investigated for occupational asthma, using skin prick tests, serum specific IgE, and specific bronchial challenge. Two were challenged with lipase and one with cellulase. All three cases had immunological evidence of sensitisation to the detergent enzymes with which they worked. Bronchial challenge in each provoked a reproducible dual asthmatic response, which reproduced their work related symptoms. These are the first reported cases of occupational asthma attributable to cellulase and lipase in the detergent industry. Four of the most common enzymes used in this industry have now been reported to cause occupational asthma; continued vigilance and caution are needed when working with these or other enzymes. P roteases, added to washing detergents to improve their cleansing properties, are a well established cause of occupational asthma. Following their introduction as powders into detergents in the 1960s, cases of sensitisation and asthma occurred in both workers and consumers. [1] [2] [3] The industry largely resolved the problem by encapsulating the enzyme and changing engineering processes. 4 Over the past 15 years other enzyme types such as amylases, cellulases, and lipases have been introduced for their cleansing properties. We recently described four cases of occupational asthma caused by detergent bacillary amylase. 5 Here we present cases of occupational asthma caused by two further detergent enzymes: a cellulase derived from Humicola insolens and a genetically engineered lipase from Aspergillus oryzae. The patients worked at two different detergent manufacturing companies, both using encapsulated enzymes, and were referred to a specialist clinic for investigation of possible occupational asthma.
METHODS

Immunological testing
Each patient had skin prick tests to common aeroallergens (cat dander, grass pollen, and Dermatophagoides pteronyssinus; Allergopharma, Germany) and to 1 mg/ml solutions of the detergent enzymes to which they had been exposed at work. A positive skin test result was defined as one with a wheal diameter of >3 mm. Circulating specific IgE to the same enzymes was measured by radioallergosorbent (RAST) assay, with binding >2% considered positive.
Bronchial provocation testing
Because, in spite of the characteristic histories, other investigations were not diagnostic of occupational asthma, we undertook specific bronchial challenge in each case. All of the cases were still working with enzymes; none had ever taken bronchial anti-inflammatory medications. A single N All enzymes should be considered to be potential respiratory sensitisers.
Policy implications
N Continued vigilance and appropriate preventative measures need to be taken by those working with enzymes. 
Case 1: Cellulase A 48 year old woman had worked in a detergent factory since 1990, nine years as a packer, and one year each as a cleaner and in the product development laboratory. In 1995 she developed work related running of the eyes and nose, and in 2001 developed breathlessness and nocturnal cough. She was an ex-smoker. She had no history of eczema, asthma, or hay fever. Skin prick tests to common aeroallergens did not provoke immediate reactions, but these were elicited by the detergent enzymes with which she worked: cellulase, protease, and amylase. She had evidence of circulating specific IgE with increased RAST binding to the three enzymes (table 1) . On provocation testing she had no change in FEV 1 on exposure to lactose but a clear, repeatable dual response following exposure to cellulase. This reproduced her respiratory symptoms. Each test inhalation challenge was associated with a fall in histamine PC 20 .
Case 2: Lipase A 52 year old man had worked as an engineer in a detergent manufacturing company since 1966. He was an ex-smoker with no history of asthma, hay fever, or eczema. He had intermittent sneezing, runny eyes and nose for several years, and in 2001 developed work related cough, wheeze, and breathlessness. Investigations by his occupational health service had identified raised levels of specific IgE to detergent lipase and protease; serial peak flow measurements had proved undiagnostic. At clinic he had immediate skin prick test reactions and increased RAST binding to lipase, protease, and amylase, but not to common aeroallergens. A bronchial challenge to lipase was undertaken in 2003. This reproduced his work related symptoms associated with a dual asthmatic response. This pattern recurred on a subsequent challenge and was associated with a fall in histamine PC 20 . There was no response to the inert challenge.
Case 3: Lipase A 26 year old man had worked in the production of detergent tablets for seven years at the same site as Case 2. In early 2002 he had work related sneezing and a blocked nose and by the end of the same year had developed wheeze and chest tightness. He had never smoked and had no history of asthma, hay fever, or eczema. Investigations by his occupational health service identified raised levels of specific IgE to detergent lipase but no cross-shift changes in spirometry. At clinic he had immediate skin prick test reactions to grass pollen and cat dander, and in addition increased RAST binding to lipase, but not to the other enzymes with which he had worked (protease, amylase, and cellulase). Bronchial challenge provoked no response to an inert control, but did provoke a dose dependent dual asthmatic response to lipase with an associated fall in histamine PC 20 . The challenge test reproduced his work related symptoms.
DISCUSSION
These straightforward case reports show that cellulases and lipases can cause occupational asthma in the detergent industry. The diagnoses were confirmed by evidence of sensitisation and asthmatic reactions elicited by bronchial challenges with the relevant enzymes. Each challenge test provoked a dual asthmatic response with the reproduction of work related symptoms and an associated fall in histamine PC 20 . Subsequent to the diagnoses of occupational asthma, Case 1 left her company, whereas Cases 2 and 3 continued to work for the same employer in non-enzyme areas.
A mixture of enzymes is now used in the manufacture of most biological detergents. Two cases were also sensitised to other enzymes and it is difficult to know whether these influenced the development of lipase and cellulase sensitisation. Animal studies have suggested that proteases potentiate the allergenicity of non-proteases, amylase and lipase. 6 Cellulase has previously been shown by specific bronchial challenge tests to cause occupational asthma, in the pharmaceutical, 7 baking, 8 and enzyme production industries. 9 We now describe for the first time occupational asthma to a cellulase derived from Humicola insolens. In baking and enzyme production the cellulase was derived from Aspergillus niger. ''Cellulases'' are a group of enzymes that hydrolyse cellulose to glucose. Because they may have different microbial origins, and different protein sequences, sensitisation to one cellulase cannot be assumed for another.
To the best of our knowledge, occupational asthma has never previously been shown by specific bronchial challenge test with lipases. Interestingly Case 2 worked in a plant using only liquid enzyme preparations. Despite encapsulation, sensitisation to detergent enzymes remains an important cause of occupational asthma. The use of these enzymes has been increasing over the past 15 years, and each of the four most commonly used detergent enzymes has now been described to cause occupational asthma. It would seem prudent to consider all enzymes to be potential sensitisers. Continued vigilance and appropriate preventative measures need to be taken by those working with enzymes. 
